JP,2004-521561,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 
[Claim 1] 

In a dynamic network provided with two or more nodes, 

- Routing information is memorized by partial routing table in a node of said network, 

- said node sends an update request for updating said partial routing table to other nodes — and 

- A node by which the address was carried out sends an updating response to a node of said side to 
demand with updated routing information, 

A dynamic network which provides things. 
[Claim 2] 

The network comprising according to claim 1: 

Table update information said table has a field for the target node, and concerning renewal of the 
newest [ routing table / said / partial ] of the partial routing table concerned. 
Field update information about renewal of the newest of each field is included, and said update 
request includes said table update information, and said updating response is an item of partial 
routing information in which said field update information of said node by which the address was 
carried out is newer than said table update information of a node of said side to demand. 

[Claim 3] 

A network with which said partial routing table is characterized by said field including topology 
changed information characterized by newness of change of said network topology including a field 
for said target node in the network according to claim 1. 
[Claim 4] 

In the network according to claim 3, said update request, A node of said side to demand after 
inputting said updating response from said node by which the address was carried out including said 
topology changed information, A network characterized by performing renewal of said partial routing 
table when said topology changed information of said node by which the address was carried out is 
newer than said topology changed information of a node of said side to demand. 
[Claim 5] 

A network characterized by said table update information and/or field update information and/, or 
topology changed information being an item of a hour entry in the network according to claim 1. 
[Claim 6] 

A network, wherein said table update information and/or said field update information and/, or said 
topology changed information is constituted by sequence number in the network according to claim 
1. 

[Claim 7] 

In the network according to claim 1, a node of said side to demand after inputting said updating 
response from said node by which the address was carried out, Topology changed information of 
said node by which the address was carried out is the same newness as said topology changed 
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information of a near node to demand, A network characterized by performing said renewal of said 
partial routing table when path length to said each target node becomes short by said updating. 
[Claim 8] 

In the network according to claim 1 , a node of said side to demand after inputting said updating 
response from said node by which the address was carried out, Said topology changed information 
of said node by which the address was carried out is the same newness as said topology changed 
information of a near node to demand, A network when said greatest data transmission rate to the 
target node expected becoming high by said updating, wherein it performs said renewal of said 
partial routing table, 
[Claim 9] 

In the network according to claim 1 , said network, A controller which controls said subnetwork can 
be re-divided into some subnetworks included respectively, and said subnetwork, A network, 
wherein interconnection is carried out using each forwarding terminal and each controller is 
designed memorize and manage central routing table for said each subnetworks. 
[Claim 10] 

In a routing method for a dynamic network which has two or more nodes, 

- Routing information is memorized by partial routing table in a node of said network, 

- said node sends an update request for updating said partial routing table to other nodes — and 

- A node by which the address was carried out sends an updating response to a node of said side to 
demand with updated roux TIGU information, 

A routing method which supplies things. 
[Claim 11] 

In a node to a dynamic network, 

- Routing information is memorized by partial routing table, 

- said node sends an update request for updating said partial routing table to other nodes — and 

- Said node sends an updating response to a node of a side which others require with updated 
routing information, 

A node which supplies things. 



[Translation done.] 
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[#W«jfc©$SH] 
[tf 1 ] 

IE Ht $ ti , 

- n ib y - f « , m<D ; - \* fr-r^ > >/<r-7 n>&mm-r zititxommn* 
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[ »*5C 3 ] 
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, MI2THl/X$nfey-F©tffl2h#a^^H*^^ttifBS^-rs«©y-F©mfl2h 

#n5?jEH**«fc d t> «f u » -a- , mmmm ^ > if^-y ;i/ © s $r & * f? -r «s z. t 
%®mh-rz>*y h v - ? . 

C HtJfc^ 5 ] 
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if . 
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tt , fl&jE-tn-^n©-*:/*? ^-^©^^Ji'-^^^-^^ftfait&tfws-rs 

0 ] 
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#fS0J«, m W % v h>7-^Rtf»«*? Fy-^l»JI/-T^ >^^SfcM-r^>. 
[ 0 0 0 2 ] 

l«^n!7-^K. F#dj? ( ft £ ) *» » ff* 4> Kr W ft H *J « ft * y h 9 - 2 t? & S 
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[ 0 0 0 3 ] 
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[ 0 0 0 4 ] 
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[ 0 0 0 5 ] 

M^-rs^ — ■?■-<• >y«*ft^-r:itT?**. 

[ 0 0 0 6 ] 
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[0010] 

mffifr-T- << y if t- - :/ ;i/ s «ff k & o fc * , #*u<tt;i/--r.* > ifj*-? )V&w-d 

[0011] 

M 12 H &r S Jfcte > i©l?*«A*tS7 - H tr y - P^BJfSn&A-f > Iff $B £ M 
[0012] 30 

S£t-e*s, « * © y — f b * k © * #e oe s n - t- ^ > ^ « « s si « -r a . 
g "T -5 * -g- > lo*oh*D?©Sg, tfeb^ 2o©I*©ri3i:fitfch#ny©^ 

- y h ( P D U ) \Z 43 V> T , ify h7-n#D?C*tt5»0*CjItt, IttSl 

(/^y F) »©«'>£&•&. 
[0013] 

[il$lftt2fcii>©f SI 

-5 Vi X V> £ . 
[00 14] 

M * IS 2 fc*£Sft3J:3fc#5S9!©W:PJfclSJ60S«, g * T £ M © 7 - F © ;W - 5F- W > 

£ n ft , s*-r«fl!©y-F^3iens^€rji/-5 = -^ > ^ iff is & 7 f 1- x $ n y - f tc 
s^^rtBtc^-a-^. ^n^©;i'-f-f >y7-^*^©iWST©s#tsi©y- f© 
to — ?-* iDfe«uv»*i:. asji'-f'i >^^-^«*tcg*-r^ffl©7- 

[0015] 50 
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f * o 

[0016] 
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kX$tifc/-H«, ^-^;i/Hff1f^«fct)ifLViSBif;k-^^ > ^ * « « * U S *f 
««tut2M2fc-rs<M©/-F^i£3. f-^JHi«t^swis-e*«i^, s#p B i« 
\z m v - 7- * > if f - 9 td w- *» m. m s n s )v - j- * > if m m © m m » , sitsw 
© y — f © t- — zf )vm%itii5& t.7 h I'xsn&y- h © ;k — t- >f >yT--^;u©M*©<@ 

[0017] 

fri&$km&miisfr&E * z.<D7--zf)vs.mmu<D i -d <d -m. ® t£v & & )v — j- ^ > if 
t- - zf )v x m j - f \z m. m is n s t v> -5 #j * & * -r s . e n c ± o , s *f » * » . « # & 

S£##fibfr£WL&v>. 21 n « W fc: > M * y F 7 - ^ © » -g- (r W ffl T £ & . 

[0018] 

m$tm 3 fc*^atis«k5fe2fcS5i9ow*i&*M«fc*v»T, mm^ — 'r^ > if — )v 

> f ^H1f$S©3RB*-g't?o H n « , M ^ « 1$ ^ X « - > X & T & J; V* . * y F <7 

fc&sfrnsra&R-rs©-?, ^©it^^^Trx^-r^^y-Hic^v^T, c © * « *» n 

fct^Tf LV>*, Zl©«#*|EKflE1*bTV»»*, X tt M A « m S 7 - F B If $8 © 

tm:t ^x, h3j?D^*sw«tt, »0f;p-5=-^>^^-^;i^©^i*«>^M«f«: 

[0019] 

:nu, m jfc 4 tc « jfe s n s J: -5 » ffl © m m & * * m k *s v> t , h *f j& # k , h * u 40 
^^jeitas^b, mm )V - ^ ^ > if <r - y )v © m * © m.m © Mff « , 7 ^xsti&y 

- F © F#n^^H1f$g^S^-r^«©/ - F© h#os?£H'»*«k?>*?l'V>»-a-fc:^fT 

C t « , * y h'7-^F^D^{C*Jt-5#<©»fbVi«$gX«#-<©«tf'l»^^iltl{C<t 
[ 0 0 2 0 ] 

7 F I^X^nfcy - F© F7Pa>»g:H'W3fta i ^#f-5#J©y- F © F^n^^M'IffSilwi 

ciiLST*si^, gf*^7icJg^$n«J;e>fj:*fesj©^rfij7i*M^Jic^oT, m * 
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[ 0 0 2 1 ] 

m&m 8 \z m & z n % £ ? & * % m e> ^ m is. mm m \z & x . y Yux-zntc;- h © h 
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[ 0 0 2 2 ] 
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[0023] 10 
[ 0 0 2 4 ] 
[ 0 0 2 5 ] 

i 5 t ^ 5 X ^ (U-^^y b^-i?) *^»t5tp*; - F ( M $ ) *«F-3«f*^9X 
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[ 0 0 2 6 ] 
[ 0 0 2 7 ] 
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[ 0 0 2 8 ] 
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Tl*6TNtt, 6BOil*«lfrS 6 4tt*. $ 1 © 91 tt 1 (3 . ^ttl^tKD ? — if 
y b7f-ya >©1S'J#^ (ID) £ tr „ SI 2 © @J M « 2 « , SlCllitlO^- 

y>> hxf-J'a >iBiit0f-?#*^eiti5aixf->'3 > © i d & ib it T s . 

Kit), V> :b i$> -5 " & © # y :/ (next hop) " Tf*5#*Wi&^-y«; H^f 
- -> 3 >^'?-y"; F X f — v a >K2^<*tC#CE*3n5. 9 — >? v hXr-y 
3 h*-y7°Tr*«.*-a-, h^f-->a > e # 38* 2 © M"J <« « 2 K 

A 7^ £ ti -5 „ $&3©»J«*3#h#ns?£Hi*#£LT«tt©3a£l$IJ8 t e e n £ f E tg 

' *y Y V - 9 h#nj?Kf I*tE|ffcfct*^t. * y h#a^©|EH*^fflb 
> Jft V* T © J9 £B .H" — ^ >^7^— ^■;W©M^©rJ>T->^'*^H$i±'S^^-->3 > K 40 
J;oT£»f.ns. 31 4 © S'J M « 4 > ^fffl t re( S^tl. 21 ft \Z , «(^©3>T->^ 

© ^ IS * ^ hy-? h#p^©^M©*ViTJl/ — -r-^r > ^ — :/ ;mc 4s £ fi S'J © x 

fet^Sgt. SB 5 ©SiJ®*£5 ©&&(*§£«> MAI^-y^ FXf-->3>i"C<!)SDffl 
A° x S © =fc 5 & & £ T <^ £ ., ftfi, © S H , & M ^ © ^ ira © M'J M ^ K IH t£ £ n T J; v=> <, 
16 © W ffi * , 7* — * tfi * — if y Y X t- - -> 3 >KSS«sn*cit5&«nIfiB»:flk^:©^ — 

>^©^:T©^J5)c/N°X©S^;©'r-^ P — *f T 3 . 
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-T * M ff (UPDATE) fi*i«»2n5. £ © U P D A T E # 1« « > g # - ft it 

«tttUPDATINGXf->'a> (US) t fin 5 I O X f - '> 3 > ft, UPDA 
TE REQUEST* y ±~ S J £ ifc 31 * - H Tf , TCP© ( ^ — x >f > ^ ) X T" - >- 3 
> lr i£ ft T £ . uOUPDATE REQUESTS j/t-i'tJ, RfW t„, tftfc'S 

[ 0 0 3 0 ] 

UPDATE REQUEST£g«L&£#, »gt S 7 f - 3 > S, AAM t„ 

cd.^ - 5 s - w > trj--? )v\z$>\i: © x > h u-^n-en^a^Btfs t r . 

— ^ 3 > U S I; (*5^e.<tt-fe^*>h'ft;$nfc) UPDATE RESPONSE* y 

-tr — y &mK) , £ © * v -fe — ir *5 v> T , M^cd;1/ — T-^>y^-> r ;i'©^:T©x>hU 

MKiEf-^JH:AAsntvi«. £ © n# ra t „ , « , »iat, tl it„t*5{tR 

, - fSt » & ;W - t- w > 9 # «B § 82 ft b fc & , W 6 Jfc fc fc * . llt5i®XT-'>a >u 
S t»jfcH«f*4fc»fc, *(0*';5 r i*'lD»lltSftfiflflt t .,S»*, £T <DM 

[ 0 0 3 1 ] 20 
UPDATE RESPONSES§ll/f;tf, WI2U Sli, X* Stlftl> h 'J ©58 
tfifMROtt** ©(HWC^nitOl'-T-f >^f-y)H:Bx> b U © 38 £ P# W ft 
fi t ft Kt * . 

[ 0 0 3 2 ] 

«i/<AA3nfti>hyxa«(«ii. £ £ -e "new" £ * ft l , ^ © m * *e # T v> 

§S*t5|iJ©Xf-y 3 >©x> (S "US" * M ft f * .. "PL" fit , 0 1 TJ BJ 6, 

T & £ J; 5 & A° X A £ it ft L, "MTR" Bl^Cfiil/- h §S»tS. M T R " 5 
" NS «, S*t5«oxf-->a >tS§t5«©BgStSXr-J'a > i: © RB © « * 

US tifttSXf-J'g >NS tOB©*?y«)»!Sfii*t*. init £T©X5r- 30 

o t , ;u-^^>^^«s©«*i-*^sP^t-^2o©;u-T-'i , >^7>^->'3>tt, i 

[ 0 0 3 3 ] 

tSSc 1 ] 

C B.o + < PL US ) 

C ^0 />/~" +PL MF - WS =PZ, ta to mm(MTR"~,MTR us NS )>MTR US ) 40 

[ 0 0 3 4 ] 
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Dynamic network and routing method for a dynamic network 



The raveottoa relates to * dynamic network audio a routirj g method for a 
dynamic network. 

A dynamic network is understood to be a network whose topology can change 
dynamically during opt ration. This includes in particular ad hoc networks. An id hoc 
5 network is underwood to be a self-organizing network in which the structure and the number 
of participants is not laid down within given limit values. For example, a communication 
device of a participant may be lake© from the network ox included in the network In contrast 
to traditional mobile telephone artwork*, an ad hoc network is not based on a fixedly 
installed infrastructure. 

1 0 Dynamic networks, however, may alternatively be, for example, Internet 

networks whose topology changes during operation. 

Such an ad hoc network is known from the bwlc CSZ. Perkins, Ad Hoc 
Networking, Addison Wesley, pp. 53-^2. Each node in this known network sends updates of 
the routing mformation to adjoining nodes «t regular intervals so as m adapt the routing to 

1 5 changes in the network topology- 
It is an object of the invention to provide a network of the kind mentioned ia 
die openiog paragraph which renders possible an unproved routing in the case of changes in 
the network topology. It is a further object of the invention to indicate a relevant routing 
method, 

20 As regards the network, the object is achieved by means of a dynamic network 

with a plurality of nodes, in which it is provided that 

• routing information is stored in local Tooting tables in nodes of the network, 

- flic nodes scad an update rcqucat to other nodes for updating the local routing tables, and 

- the addressed nodes send an update response with updated routing mtormation to the 
25 requesting nodes. 

In the network according to the invention, routing information is stored in 
nodes of the network. Routing information Is preferably stored in every node in the case of 
decentralized networks. Routing information is preferably stored in the central nodes only in 
the case of cluster networks with central controllers. 
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The routing information is stored in dtc form of routing tables, The rowing 
table of a node preferably comprises fidds for &H Other nodes of the network or fox those 
nodes which are accefisihle from die node in question. The nodes accessible from a given 
node, i.e. to which a transmission is possible or desired, are denoted target nodes. 
5 The routing iruonnarion stored in the fields, for example of the next node via 

which a data Inuismission to the respective target node is to take place (next hop), may be the 
path length to the target node and the maximum transmission capacity to the target node. 

To keep the local routing tables up to date, the nodes having a rooting tabic 
preferably send an update request to other nodes at regular intervals. These ofret nodes arc in 
1 0 particular ad)oini«g nodes. They arc in praticular adjoining controllers in the case of duster 
networks with central controllers. 

The update request signals to the nodes receiving this request that they should 
send updated routing informanon to the requesting nodes. 

The advantage of the requesting mechanism is in particular that the requesting 
1 5 mecbani sm renders possible & combined transmission of the routing information. The 
individual nodes transmit modified routing information upon request only, in the case of a 
request, several topology changes, i.e. the topology changes that have occurred in the time 
period between two request?, may then be sent jointly to the requesting nodes. In ft single 
protocol data unit (PDU), accordingly, several changes in the network topology can be sent to 
20 the requesting nodes. This leads to a reduction in the number of PDU* (packets) which are to 
be transmitted for the routing porpo&w, 

The mventkra w based on the idea that the quantity of data to be transmitted 
for updating ibe local routing tables can be reduced in That the individual nodes request 
routing information from other nodes. 
25 The advantageous embodiment of the invention as defined in claim 2 is based 

on the idea that it is notified to the addressed nodes how up to date the routing information of 
the requesting nodes is. This rendera rt possible for the addressed nodes to make a selection 
of routing information which is to be aent K> the requesting node. Only those routing data arc 
transmitted to the requesting node each time which are more recent than the routing 
30 information of the requesting node up to that moment. 

For (his purpose, the local routing tables contain a table update information 
and a field update infonnatioo. The table update information contains data on how up to date 
the local routing table is, ix. when the latest change in the routing table was applied. This 
may be, for example, a time indicator or a sequence number. The field update information 
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contain* data on how up to date (he individual fields of the routing tabic tire, i-C. when ihy 
latest ctumtc wns app] iod inlhc respective field of the routiag table. The field update 
information may again be, tor example, a time indicator or a sequence number. The tabic 
update irvformMion thus correspond* to (be most recent XicM update information of the 

5 respective routing table. 

The update request contains the table update informal!™ of the requesting 
node. Thia u J lows the addressed node to make a selection of the routing ioformoticm 10 be 
sent to the requesting node. The addressed nodes know from the tabf c update information of 
the requesting node how up to dale the routing table of the requesting node id, i.e. when the 

10 nxisl recoil change was made in the routing table of the requesting node. The addressed 

nodes send an update response containing only that local routing information which is more 
recent than the table update in format ion to the requesting node. If the table update 
information is a time indicator, only those routing data are transmitted which are more recent 
in time, loo selection of the routing information may take place through comparison of the 

f 5 table update information of the requesting node with the individual field update information 
of the fields of the routing tables of the addressed nodes. Such a selection of the transmitted 
routing information reduces the data quantity to be rrarjsrajfled far the routing between the 
individual nodes. Efficient routing methods can be Implemented in Uus manner. 

The transmission of the table update information to the addressed xodes has 

20 the advantage that the tabic npdote infbrmatioji require* only little transmission capacity and 
"that only one Hem of (able update information is to be transmitted for each Touting table ox 
node. The update request thus occupies only little transmission capacity. This is 
advantageous in particular in the case of wireless networks. 

In the advantageous embodiment of the invention as defined in chum 3, the 

25 local routing tables contain a topology change ^formation. The urHo-dateoess of a change in 
the network, topology can be characterized by the topology change inforntatlon, so that it can 
be indicated when a change in the network topology has occurred In the network. Preferably, 
each field in the local routing tables contains an item of topology change information. This 
may be, for example, a time Indicator or a sequence number. Since it takes some time until 

30 the infrrnitaiiOtt relating to a change in the network topology has been dj&xibutcd over the 
individual nodes of the network, ft can be dis* mgM i shed ta each node receiving this 
information later in time whether this information is new to it, whether it has stored this 
information already, or whether this information is al randy obsolete for It, for example 
because it has already received a more recent item of information from a di fterent node. The 
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topology change information thus renders if possible to carry out efficient updates of the local 
routing tables. 

This Is achieved in the advantageous embodiment of the invention as defined 
in claim 4 in that the update response comprises the topology change information, and that en 
5 update of the individual fields of the local routing tables is corned out if the topology change 
infotntatiott of the addressed node is more recent than the topology change information of the 
requesting node. The node which ha* sent an update request to adjoining nodes may thus 
cany out a selective update after receiving the replies. An update of the individual fields of 
the requesting node is carried out If a more up to date or more recent information on the 
1 0 network topokigy is obtained thereby. 

If the topology change inrbnontion of the addressed node is as recent as the 
topology change information of the requesting node, according to the advantageous 
embodiment of (be invention as defined in claim 7, an update will be carried out if the path 
length to the respective target node is made shorter by me update, 
15 In the advantageous embodiment of the invention as defined in dawn 8, an 

update is carried out if the topology change information of the addressed node is as recent as 
the topology change Wbmwtion nf the requesting node, and the maximum data tansmisswa 
rate to the respective target node is made greater by the update. 

The advantageous embodiments of the invention as defined in claims 7 and g 
20 may also be combined, in which case the criterion of claim 7 or the criterion of claim * may 
be given a higher priority, depending on the application. 

The embodiment of claim 5 has the advantage that time information renders 
possible an wdepeodetu comparison of the up-to-dateness of the individual items of routing 
information. 

25 The embodiment having *equcoce number$ as defmcd in claim 6 can be 

realized in a particularly simple manner. 

It is advantageous in the case of central cluster networks which have a central 
node {eotrtrolJCT) for controlling the dusters (suiwietwotfcs} to store the routing taWe for the 
respective sub -network coil rally in the central node. The transmission of Information 
30 between the individual sub-network* takes place via bridge nodes o* forwarders. 

The object of the invention relating to the method is achieved by means of a 
method J wiving (he characteristics of claim 10. 
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A few embodiments of the invention will now be ertpUincd in more detail 
below with reference to the drawing comprising Figs. I to 6, in which; 

Fig. 1 shows a Touting t*blc with routing information, 

Hg. 2 shows n dynamic network with 5 sub-netvyocks, each controlled by a 
5 central controller, at a fir?* moment in time, 

Fig. 3 shows the network of Fig. 2 at ft second moment ia time, with a node of 
the network shifted to an adjoining snb-nctwork as compared with Fig. 2, 

Fig, A is o table showing the time sequence of the change of the routing table* 
of the central controller as a result of the shift of the network node, 
1 0 Fig. 5 shows part of a time register, and 

Fig 6 shows a network with 5 sub-net works which are each controlled by a 
central controller. 



15 Fig, ! shows a routing table which is stored in the routing node or station, of a 

network. The routing tabic comprises fields Tl to TN for each station of the overall network 
_ as wdL as a time t^ as a table update inform atioii, ic. the time at which the routing table was 
changed for the last time. The fields Tl to TN of each individual station of the network 
comprise 6 sub-fields 1 to 6. The first sub-field 1 contains the identification number (ID) of 

20 the respective target station. The second sub-field 1 stores the ID of that station to which the 
data destined for the target station, of the first sub-field 1 are to be passed on. It is thus always 
stored for each possible target station which is the so-called "next hop" on the way to this 
target station. If the target station itself is the next hop, the target station itself is entered in 
the second sub-field 2. The third sub-field 3 stores the generation tune of the field as a 

25 topology change Information. The generation time t*„ indicates wfte* t change b* occurred 
in the network topology tor this field, i.e. for this target station. It U laid down by that station 
which detects the change in the network topology and subsequently implements a change in 
the contents of the field in its local routing table. The fourth sub-field 4 contains a time t^. 
This indicates when a change In the contents of a fie Id was adopted by the respective station 

30 in the routing table owing xo a change In the 3Wtwork topology, or when the changes notified 
by adjoining stations were adopted. The fifth sub-field 5 of each field contain* a quantity 
such as, for example, the remaining path length up to the target station. Further quantities 
may be stored in additional sub-fields of each field. The sixth sub-field contains the 
maximum data rate with which data can be transmitted to the target station. This data rate 
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corresponds to the minimum data rale of all constituent paths from the relevant station to the 
target station. 

An UPDATE procedure is provided for refreshing the routing tables so as to 
keep the routing tables up to dale at all times. This UPDATE procedure Is based on ft requcst- 
5 response roccnanism. Each routing station periodically initiates this UPDATE procedure-. The 
station, referred to below as the UPDATING station (US), transmits an UPDATE REQUEST 
message in the broadcast mode to its immediate (routing) neighbor stations. The UPDATE 
REQUEST message contains the time i.e. the moment of the most recent table update of 
the requesting station. 

10 Upon reception of the UPDATE REQUEST, the neighboring stations compare 

the received time t n with the registration times t^, of each individual entry in their own 
routing tables. When this comparison bos been completed, each neighboring station sends an 
UPDATE RESPONSE message (possibly segmented) to the reojicsting station US, in which 
message all those entries of the respective routing table are included which were entered into 

1 5 die table after the moment t^, i.e. for which it is true that t*» > V It should be noted that the 
time t^ should generally be converted to Ihe clock system of the respective neighboring 
station before the times Ut^ and cm be compared. This circumstance and the steps made 
necessary thereby will be clarified after the description of the general routing procedure. All 
fields are transmitted for each of the entries to be transmitted, except for the next hop 

2D terminal ID and Ihe registration time t^, because these me irrelevant for the requesting 
station US. 

Upon reception of the UPDATE RESPONSE, the US compares the generation 
times and quantities of the entries received with the generation times and quantities of the 
entries present at that moment in its own routing table- 

25 The newly received entries oc fields arc now denoted "fffw", and the entries of 

the requesting station obtaining until that moment are denoted "US*. "PL* denotes the path 
length, as is apparent hi Fig. 1 , and n MTfC the maximum transmission rate. kfTJ^^ denotes 
the maximum transmission rate between the requesting and the replying neighboring station. 
By analogy, PI™"* denotes the number of hops between tlx requesting station US and the 

30 neighboring station NS. This is because it is conceivable thai not all stations provide routing 
data. It could thus happen that two routing stations, which are neighbors in the sense of the 
routing procedure, communicate with one another via one or several non 'routing stations. 

According to the invention, the US only carries out those entries which fulfill 
the following criteria: 
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or - r£ and MT r + -PL VS and rtlxfAfnT". MTE 0 ^) > WR 0 *} 

5 Once the UPDATE criteria for a received entry have been fulfilled, a few 

fields of the contents until that moment ate replaced as follows: 

• the next hop terminal ID is replaced with the ID of the relevant neighboring station. 

• the generation time of the new entry is adopted: t ( £ = t£ 

• the new path length ir PL M - PL*" + PI?*-" 

10 - the new maximum data rate is; MTR°* - nin(MTJT w l MTR US ' M3 ) 

In this case, too, the station must convent the time i^Z into its own time 
syitem before time comparisons and replacements can be carried out (see the explanation 
Anther bdow). 

Fig. 2 shows a network with 5 sub-networks tO to 14 at a first moment tO, The 

1 5 sub*nctwodts 10 to 14 are each controlled by a respective central controller CC1 to CC3. The 
individual tub-networks 10 to 14 can each be connected via bridge nodes Or farwaidcxs F1 1o 
FS. The bridge nodeFl connects the sub-networks JOand 1 U the bridge node F2 the sub- 
networks It and li^mcbridgenndeFJthesijb-nctwvrks 11 and J3, the bridge node F4 the 
sub-networks 12 and 14, and the bridge node F5 the sub-networks 13 and 14. Byway of 

20 example, a station STl is present in the subnetwork 11. The sub-networks 10 to 14 may 

comprise further stations or nodes (not shown) m any manner whatsoever. In addition, Fig, 2 
shows the transmission rates of the links between the individual sob-networks as well m 
between the CC2 and the station STl. The transmission rate between the subnetwork 10 and 
the sub-network II via Ihe forwarder Fl is 10 Mbil/s, the transmission rate between the sub- 

25 network 1 1 and the sub-network 12 via the forwarder F2 is 5 Mbit/s, the transmission rate 
between the sub-network 1 1 and me sub-network 13 via the forwarder F3 is 0.1 Mbit's, the 
trttnsmission rate between the sno-network 12 and the sub-network 1 4 via the forwarder F4 is 
I Mbit/s, and the transmission rate between the sub-network 13 and the sub-network 14 via 
the forwarder F5 is 3 Mbit/s, Finally, the transmission rate between the coolroJIer CC2 and 

30 the station STl is 5 Mbrt/a. The links in the network shown by way of example in Fig. 2 thus 
always pass through the central controllers CCl to CC5. 
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Fig. 3 shows the network -with 5 sub-networks of Fig. 1 ai a second moment 
tl. The wpology of the network has changed at this second moment, Le. the station STl has 
moved from the sub-network 11 to the neighboring sub-network 10. The transmission Tate 
between the controller CCl of the sub-network 10 and the station STl now in 10 Mbits/s. 

Fig. 4 Muitratea the changes in the routing table* of the controllers CCl to 
CCS over time as a result of the shift of the station ST1 from the sub-network 1 1 of Fig. 2 to 
the sub- network 10 a* shown in Fig. 3. 

TbcTsblp of Fig. 4 contain* a column for each of the controller* CCl to CCS. 
The fields of the routing tables of the individual controllers for station ST ace 

indicated fa Ok columns at five different moments tO to t4 for the controllers CC 1 to CC5. 
The fields in this example each have 5 sub-firida. The sub-field provided in accordance with 
Fig. 1 containing the Identification number (ID) of the respective target station is not shown 
in Fig. 4, because Fig. 4 shows routing Information relating to the target station ST1 only. 

The upper sub-fieW of the fields in Hg. 4 indicates the bridge node or 
forwarder to which the o^ta destined for the notion STl ore to be passed on. This tneons that 
only the so-called next hop on the way to this target station ST1 is stored each time for this 
target station STL The second sub-field 5 from the top contains the remaining path length up 
to the target station. The central sub-field contains the mwimurn data rate with whkb data 
can be transmitted to the target station ST1. This data rate corresponds to the mhrhnura data 
rate of ail constituent paths from the relevant controller up to the target station ST1 . The 
second sub-field from the bottom provides the generation time t^ of the field for the target 
station STl by way of topology change mfberoation- The generation time indicates when 
a change has occurred in the network topology for the target station STl . It is registered by 
that station which delects the change in the network topology and subsequently carries out a 
change in the contents of tho field in the local routing tabic, m (he present case this is the 
controller CCl of me sub-network 10. The bottom sub-field contains the time W This 
indicates when the change in the network topology ww included into the respective routing 
cable by the respective station, i.e. in this example by the respective controllers, or when the 
changes transmitted by neighboring stations were adopted. 

In the present example, the column contains the fields of the routing tables of 
the controllers CCl to CCS for the target station STl and the network in accordance with Pig. 
2 at the moment to. 

At the moment tt, the target station STl is shifted from the sub-network 1 1 to 
the sub-network 10, This corresponds to the network topology of Fig. 3. This is recognized 
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by the controller CC1 of the sub-network 10, and this controller CC I accordingly changes its 
routing table at the moment tU The topology change ^formation has accordingly arisen at 
the moniemti, which means that v» = 1 is set. The change that has occurred to the network 
topology ww also entered by the controUe* CC1 in its muting tabic at the moment U and 
5 registered accordingly. This nwra that is also set for 1 . 

The controllers CC2 to CCS do not know the change in the network topology at the moment 
U yet This information mttst first be distributed over the network, This is done by means of 
the requests sent by the individual controllers to the neighboring controllers at regular 
intervals, and by means of the relevant responses of the contro Hers thus addressed, 

10' The controller CC2 receives a reply to its request from the controller CCl at 

the moment 12, and the change in the network topology is entered into the routing table of 
CC2. Since the topology change has occurred at the moment tl , I**** 1 is set The change in 
the network topology was entered by the controller CC2 into its routing tabic at the moment 
t2 and registered accordingly. This means that t^ is set for 2. 

15 The controllers CC3 and CC4 receive a reply to their rcqu^is from the 

controller CC2 at the moment t3, and the change in the network topology is entered into the 
routing tables of CC3 and CC4. Since the typology change has occurred at the moment U, 
t^ = 1 is set The change in the network topology was entered into the routing tables by the 
controller* CC3 and CC4 at the moment t3 and registered accordingly. This means thai is 

20 set for 3, 

The controller CCS receives a reply to its request from the controller CC3 
and/ox the controller CC4 at moment t4, and the change in the network topology is entered 
into the routing table of CCS. Since the topology change has occurred at the moment tl , *» 
I is set. The change in network topology was entered into the routing table of the respective 
25 controller CC5 at the moment t4 and registered accordingly. This means that t^ is set for 4. 

The further sub-fields ate also adapted to the changed network topology at the 
respective moments tt lo t4 in » corresponding manner. 

Additional functions may be implemented in the routing, if so desired. The 
constant period of refreshing of the routing tanks means that topology changes occurring 
30 between two UPDATE moments are not communicated immediately to the neighboring 

stations, but at the next UPDATE moment. Advantageously, however, particularly important 
changes, such as the failure of connection paths, may also be communicated to the neighbors 
without any preceding request. This is done by mcarej P f an UPDATE HUGGER message 
which contains the relevant entries relating to the changed fields. 
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To avoid data on current link* being lost in the time between the topology 
change and the next UPDATE moment, moreover, the node detecting the topology change 
may send an ERROR message K> the sources or end terminals of die relevant links in order to 
stop the current connection. 

5 The momenta in time t^, t^. and defined in the protocol may be coded in 

various ways. An obvious coding relates to an overall system clock which Is coded as a 
multiple of a basic clock modulo a maximum value in tbe form of a bit sequence, lire use of 
an overall system clock, however, would require a synchronization of all stations of the 
network. Some communication standards (for example the standard 1394. J) already achieve 

10 a synchronization of ait appliances of a network, but the availability of an overall system 
clock cannot be taken for granted in general. 

For this reason, the use of an overall system clock is avoided. The algorithm is in fact already 
fuUy functional if neighboring stations are informed about the difference between their Joe a] 
times or clocks. It is accordingly provided that neighboring stations Inform one another of 

15 their prevailing local system clocks. Tbe period of this information exchange may usually be 
chosen to be extremely wide, as will be explained further below. The clock iafortuatiuii 
exchange thus represents a negligibly small occupation of transmission resources. 
Each station **xe* the difference between its local time and the local lime of each individual 
neighboring station. When a station receives an UPDATE request with the parameter V, it 

20 will add the clock difference stored in relation to the relevant neighboring station to t^ so as 
to convert the moment of the most recent change in the routing table of the neighboring 
station, into its own time system. Then tl* converted time may be compared with the 
registration times of the own routing inputs in accordance with the normal muling 
procedure, and an UPDATE response con be generated. When a station receives an UPDATE 

25 response to a preceding UPDATE request, the generation lime t^ of each entry received is 
first crrrrvertcd into the local time system exactly a* in the preceding case in thai the clock 
difference with the relevant neighboring station is added to the time t,«. Then it Is decided in 
accordance with the iK*mal nm of the routing algorithm whether the received entry is to be 
included into the own routing table or not. 

30 It should be noted that tbe clock difference stored by two neighboring stations 

has opposed signs, i.e. in the case of an exchange of an UPDATE request and UPDATE 
response between two neighboring stations the addition of a positive clock difference value 
in one station will correspond to the subtraction of the same positive value (I.e. the addition 
of a negative value) in the other station. 
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Clock gevcmtors usual at present generally have an accuracy in the 
microsecond or nanosecond range. Such a high accuracy of the time definition is not 
neccsswy far the routing procedure under discussion here. To minimize the number of bits to 
be treasznitted, accordingly, no mote than a fraction of the internal clocks of the stations is 
5 used tor the time irtdicator* tjm. and t«,. 

Fig. 5 shows by way of example an excerpt from a complete time register. He 
intervals of the register shown in Fig. 5 correspond to single bit*. The time value is dually 
coded, the significance of (he bits increasing from right to left, so thai the Most Significant 
Bh (MSB) lies at the extreme left 
10 The excerpt of the register chosen for the routing procedure, shown batched in frig. 5, is 
determined by the two times T** ami T^*. 

The upper limit of the chosen register excerpt determines the maximum time 
after which an entry mtn a routing table must be erased. This is based on the modulo 
definition of the time excerpt within the routing procedure. A station must test each entry 
15 already preser* in the routing table at each time step (T^^) as to whether the generation 
time t^ of the entry corresponds to the current local time (or the excerpt from the time 
register). If this is the case, the entry is erased. This is because an oM entry would otherwise 
seem to be highly up 10 dale again after one modulo period because of the modulo definition. 

The order of magnitude of T w determines ^accuracy of the time codiag aad 
20 bases itself on the minimum period of transmission of the UPDATE request messages. The 
reason for tins is that all entries changed in the responding station since the latest UPDATE 
of the requesting station are sent to the requesting station, independently of whether the 
changes were implemented shortly or long after the latest UPDATE- The same holds for the 
replacement of entries in the requesting station. A more accurate coding of the time will give 
2$ no advantage m this respect and will merely occupy transmission capacity. 

Advantageously, however, an excerpt enlarged by a few bits in downward 
direction (up to the time Tp**^ in Fig. 5) Is chosen for transmitting and storing the times t^ 
t**, and t tor although only the bits fully hatched in Fig. 5 are actually processed in the 
routing algorithm. Propagation effects of rounding errors in the conversion of the docks of 
30 one timing system into another timing system can be avoided in this manner. 

The register excerpt fa? laid down once and for all and cannot be changed 
during the operation of individual stations. 

The same is not true, however, for the period of transmission of the UPDATE 
request meniges. The routing method does not require all stations to use the same period. 



( 27 ) 



JP 2004-521561 A 2004.7.15 



WOW/101004 rCT.IBOMttltt 

12 

This is utilized in lie sense that each station optimizes its own UPDATE period during 
operation. Empty UPDATE response messages may, for exampk, point to the fret thai the 
UPDATE period can be expended High topology change rates and subsequent eormettiofc 
iirtemiptiori* and packet losses should lead to a reduction of the UPDATE period. The 
5 muling method thou automatically adapts itself to various system scenarios and mobility 
rates. 

m accordance with the coding instruction shown, the ataferocrt made initially 
may now be motivated, i.e. the statement that the information exchange for determining the 
dock differences between neighboring stations may take place comparatively seldom: the 

10 frequency of the information exchange follows the so-termed clock drift of the local clock 
generator of each station. Usually the clock drift is of the order of or even a few orders of 
magnitude lower than the minimum coding level of the dock register (least significant bit or 
LSB in Fig. 5). The low Kmit of the excerpt considered. I.e. the time however, is 
chosen to be higher by a few powers of two as shown in Fig. 5, An exchange of mrormarJon 

15 on the dock differences should then lake place at the latest when a shift oflhe order of 
T^twfaiM could be achieved on account of the clock drift. 

Subsequently, the exchange of information about tbc clock differences is 
represented for & self-organizing network organized m die form of sub-networks or clusters. 
An example of such X network Is shown in Ftg. 6. 

20 In the cluster-based network of Fig. 6, a single station, the central controller 

(CC), carries out the routing algorithm for all stations of Ms own cluster. The network of Fig. 
6 comprises five clusters 20 to 24. The clusters 20 to 24 have OCs 30 to 34. This means that 
only the CCb 30 to 34 are neighbors in the sense of the routi ng method described above. The 
CCs, however, cannot communicate directly with one another in general, but they must 

25 exchange information via so-termed forwarding terminals (FT) which lie in the overlapping 
regions of the clusters. The clusters 20 and 22 are connected by means of an FT 40, the 
dusters 21 and 22 by weans of an FT 41, the dusters 22 a*>d23 bymcewofaa n42>*Dd 
the dusters 24 and 22 by means of an FT 43, The duster 20 has, for example, * further 
station 50, the duster 21 further stations 51 and 52, the duster 23 further stations 53 and 54, 

30 and the clu&ter 24 further stations 55 to 57. 

The time or clo(* Information is exchanged between the CCs 20 to 24 in the 
following manner: each FT 40 to 43 end each CC 20 to 24 stores a copy of its complete clock 
register at the start of each MAC frame. Furthermore, each CC periodically (in accordance 
with the period of the clock informal kxi exchange) transmils a broadcast message within its 
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cluster in which the copy oi tho clock register at the start moment of the present MAC &am* 
is contained as a parameter. The FTs receiving this message form the difference from the 
copy of thdr own clock register and the received copy of the clock register of the CC. hi this 
manner they determine the shift between the clocks of the CC and their own clocks and store 
5 this difference. Once an FT has determined the difference with a further CC by the *ame 
procedure, it is capable of determining the clock difference of the two CCs by subtracting the 
two shift values. The clock difference is subsequently transmitted to the two CCs in « 
signaling message specially designed for this purpose. 
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CLAJMS; 



1. A dynanxn network with a plurality of nodes, in which it is provided that 

- routing inforroatioa is stored fa local routing fables m nodes of the network, 

- the nodes semi an update request to other nodes for updating the local muling lables, and 

- the addressed nodes send an update response with updating routing information to the 
5 requesting nodes, 

2. A network as claimed in claim 1 , characterized in that the tables compose 
fields for the target nodes, 

in that ihe local routing tables contain a table update informatioa relating lo the most recent 
1 0 updating of the local routing table and a field update information relating to the most recent 
updating of the individual fields, 

in that the update request contains the table update m formation, and 
m that the update response contains those items of local touting irrformaikm for which the 
field update information of the addressed node is more up to date than the tabic update 
1 5 information of the requesting node. 

3. A network as claimed in claim I , char acted zed. in that the local routing tables 
contain fields for the target nodes, and in that the fields contain a topology change 
information for characterizing the up-to-dateness of a change in the network topology. 

20 

4. A. network as claimed in claim 3, characterized in that the update response 
contains the topology change information, and in that the requesting node after receiving the 
update responses from the addressed nodes carries out an update of its local routing table if 
the topology change utfwmatwm of the addressed node is more up to date than the topology 

25 change infonuation of the requesting node. 

5. A network m claimed in claim 1, characterized in that the table update 
infonnation and/or the field update information and/or the topology change information are 
items of time infonnation. 
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6. A network es claimed in daim I, characterized In that the table update 
information and/or the fleld update information and/or the topology change information is/urc 
constituted by sequence namben. 

5 

7. A network as claimed in claim J . characterized in that the requesting node 
after receiving the update responses from the addressed nodes carric* out an update of ha 
focal routing table if the topology change infonnation of the addressed node is equally up to 
date a) the topology change information of the requesting node and the path length to the 

1 0 respective target node is made shorter by the update. 

8. A network as claimed in claim I, characterized in thai the requesting node 
■Act receiving the update responses frora the addressed nodes carries out an update of its 
local routing tabic if the topology change information of the addressed node is equally up to 

15 dale as the topology change information of the requesting node and the maximum datt 
transmission me to the envisaged target node is made higher by the update. 

9. A network a* claiinedm claim l,<^aractc?ixcd mthat thci«rw^c»Jibc 
subdivided into several sab-networks widen each contain a controller for controlling the iub- 

20 networks, 

in that the sub-networks can be interconnected by means of respective forwarding terminals, 
and 

in thai each controller is designed for storing and managing a central routing table for the 
respective sub-network. 

25 

10. A routing method for a dynamic network <*>irqjri«mg a plurality of nodes, 
wherein it is provided that 

- routing information is stored in local routing tables ra nodes of the network, 

- the nodes send an update request to other nodes for updating the local routing tables, and 
50 - the addressed nodes send an update respond with updaicd routing infotmarion to the 

requesting nodes. 



II, A node for a dynamic network, in which il is provided that 

» routing information is stored In 6 local routing table, 
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the node sends an update request to ether nodes for updating the local routing «»Ne, and 
the node sends an update response with updated routing information u> other requesting 
nodes. 
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